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Abstract 
The observation on microstructure and microhardness has been evaluated by experimental methods and also 
approached to simulation work. One found out higher volume fraction of martensite inside the HAZ and the FZ 
that is the main cause of higher hardness insides these zones and no softening zone created by laser Nd: YAG 
on sheet metal of dual phase steel DP600. So the precaution during laser welding Nd: YAG at any welding 
speed, focal point position and power should be considered in order to prevent a crack and fracture of laser lap 
joint DP600 during service.  
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1. Motivation / State of the Art 
The hardness is an indicator of welding joint properties at service. The maximum hardness inside the fusion 
zone (FZ) and heat affected zone (HAZ) should be less than 350HVN. The hardness in excess of 350HVN 
occur readily requiring high pre-heat temperatures, slow cooling and hydrogen controlled welding procedures 
[1]. The laser Nd: YAG process gives higher hardness values compared to others process [2]. So the 
mechanism of formation of softening zone, HAZ and FZ of the welded joint are observed. The metallurgical 
properties of welding joint of dual phase steel DP600 that include the variations of hardness, of softening zone, 
of FZ and of HAZ under influence of welding parameters such as laser speed, laser power and focal point 
positions are observed experimentally. The numerical approach is also used to observe this variation.  
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2. Experimental 
Experimental approach: The blanks DP600 steel with 1.25mm thickness are welded by Nd: YAG laser welding 
machine compose of a 4kW generator with an arm robot type Fanuc R2000iB as shown in Fig.1 (a). The gap of 
0.1mm is used. The gap was controlled by pre-positioned standard plug gauge between two sheets. The 
transverse cross sections of welding sample are cut and mount in a hot mounting machine for better 
manipulation the specimen on the optical microscopy support and microhardness support. Real time 
temperature measurement vicinity of lap joint is used to observe the variation of temperature as indicated in 
Fig.1 (b).  
 
Numerical approach: The thermo-metallurgical model composes of two models, thermal and metallurgical 
model, are coded in the subroutines DFLUX and UMAT of Abaqus, the resolutions are done separately 
between them. Conical heat source model with Gaussian distribution [3] is used in thermal problem. 
Austenization and cooling phase of bi-phase metal, ferrite (F) and martensite (M) follow metallurgical model, 
Waeckel model [4] and Koistinen-Marburger model [5]. The volume fraction of the ferrite, austenite and 
martensite are used to calculate the hardness of the welded joint and base metal [6]. The thermo-metallurgical 
simulation was used to observe the cooling rate inside the HAZ and the formation of martensite inside the HAZ 
and the FZ due to laser Nd: YAG welding. The volume fraction is the main parameter in simulating the 
hardness inside the weld joint as presented in Fig.2 (a) and Fig.2 (b). The nodal temperature of thermal 
simulation vicinity of the lap joint was compared to the value getting from thermocouples in order to validate 
the thermal simulation.   
  
    
 
Fig.1.    Sheet metal assembled (a) and position of thermocouple (b) 
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Fig.2.    Cross section of lap joint with martensite volume fraction (a) and Hardness from experiment and 
simulation (b) 
3. Results and Discussion 
An interaction between the laser power, the focal point position and welding speed are observed. The laser 
parameters have less influence on the hardness along the width of the FZ and the HAZ but more effects on the 
hardness along the depth of the weld bead. We also observed the same value of hardness across the HAZ and 
the FZ. No influence of welding parameters on hardness inside the softening zone.  Approaches between the 
simulated hardness and measured values are reached. The experimental results and numerical results proved 
that hardness inside the HAZ and FZ of laser welding Nd: YAG of DP600 is very high 400HVN. The higher 
laser speed is the main cause of this formation. A different of 40HVN from lower welding speed and higher 
welding speed is found. So the precaution during laser welding Nd: YAG at any welding speed, focal point 
position and power should be considered.  
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